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NON- WOVEN FABRIC MATERIAL AND PREPREG, 
AND CIRCUIT BOARD USING THE SAME 



FIELD OF THE INVENTION 
5 The present invention relates to a circuit board provided with a 

plurality of high density wirings having a high connecting reliability on 
either both sides or on the inner layer of a substrate. The circuit board has 
an excellent thermal resistance and moisture resistance, so that the 
substrate is not warped or twisted due to increased temperature, and various 
10 electronic components can be mounted on the substrate with a high 

connecting reliability. The present invention relates also to a nonwoven 
fabric material and a prepreg used for manufacturing the circuit board. 

BACKGROUND OF THE INVENTION 

15 Recently, in the fields of industrial and consumer apparatuses, the 

demand for small and lightweight electronic apparatuses with improved 
functions is further increasing. Consequently, electronic circuits' 
components to be mounted on these electronic apparatuses, such as 
semiconductors and circuit boards also are required to have improved 

20 density and high performance. For example, for semiconductors such as 
LSI, trends for narrower pitches and increasing numbers of pins are 
proceeding rapidly due to the increasing degree of integration and the high 
performance. As a result, mounting components on circuit boards by 
conventional soldering becomes difficult. For solving the problem, a COB 

25 (chip on board) technique was developed and has been widely used. In this 
technique, semiconductor chips are not packaged with ceramics or resins as 
in conventional techniques, but bare chips are directly mounted with a high 
density on circuit boards. 

For circuit boards that can include electronic components mounted 

30 thereon with high reliability, glass epoxy resin substrates have been widely 
used. Such glass epoxy resin substrates are produced by impregnating 
woven fabrics of glass fibers with thermal-resistant epoxy resins. However, 
the coefficient of thermal expansion of the glass epoxy resin substrate is at 
least about three times great as that of the silicon that composes 
35 semiconductor chips. Though this difference does not cause any serious 
troubles for mounting conventional packaged semiconductors, it can 
deteriorate connectability at electrically connected parts between circuit 
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boards and semiconductor chips. Another problem is a poor processability 
in forming micropores at a high speed by using a drill or lasers, since 
recently, small through holes or small via holes are formed in accordance 
with a developed high density mounting technique to correspond with small 
5 electronic devices with high performance. 

In order to deal with the above problems, methods for manufacturing 
circuit boards provided with novel configurations or circuit boards for high 
density wiring are developed. In one technique, short fibers prepared by 
cutting synthetic fibers to be a predetermined length are formed to be a sheet 
10 with either pulp fibers or a resin binder. This sheet is calendered to make a 
nonwoven fabric material. The nonwoven fabric material is impregnated 
with a thermosetting resin such as an epoxy resin, and semi-cured to make a 
prepreg for a circuit board. A circuit board including the nonwoven fabric 
material has a surface with improved smoothness, and it is lightweight and 
15 has a low dielectric constant compared to a conventional glass epoxy resin 
substrate. In addition, a circuit board including the nonwoven fabric 
material is reliable in electric connectability with micro electronic 
components such as semiconductor chips, and it allows formation of high 
density wirings that require fine wiring patterns. Well-known circuit 
20 boards include, for example, nonwoven papers impregnated with a phenol 
resin, and nonwoven fabrics of aromatic polyamide (aramid) impregnated 
with an epoxy resin. Among them, a circuit board manufactured from a 
prepreg of an aramid nonwoven fabric and a thermosetting epoxy resin is 
especially considered for a direct mounting of semiconductor bare chips and 
25 formation of high density wirings, since the coefficient of the thermal 

expansion is similar to that of silicon, and the connection is reliable. See, 
for example, Published Unexamined Japanese Patent Application (Tokkai- 
Sho) 61-160500, Tokkai-Sho 62-261190, Tokkai-Sho 62-273792, Tokkai-Sho 
62-274688 and Tokkai-Sho 62-274689. The circuit boards have been widely 
30 used for various electronic apparatuses for consumer and industrial use. 

Various circuit boards have been applied to portable electronic apparatuses 
in consumer fields such as portable phones for a resin multilayer wiring 
substrate having an IVH structure in all the layers (Tokkai-Hei 6-268345) 
that can form via-hole conductors directly below the landing parts or 
35 between arbitrary layers, because of the characteristics such as low 
expansion, low dielectric constant, and light-weight, to provide small 
substrates and high density mounting. 
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However, for insulators including the conventional aramid nonwoven 
fabric and a thermosetting epoxy resin, the substrates including nonwoven 
fabrics as well as synthetic fiber materials are warped especially when the 
temperature rises. This warping may be caused by the characteristics of 
5 the resin. The binder of aramid fibers in the nonwoven fabric is a resin with 
low softening point (about 200°C), or a water-dispersible epoxy resin with a 
low softening point is used for a binder to bond fibers in formation of a 
nonwoven fabric. At a higher temperature, these binders lose the function 
to bond fibers stably, and displacement of the fibers causes warping or 

10 bending of the substrate. 

Tokkai-Hei 10-37054 discloses a method for solving the above- 
mentioned problem. More specifically, materials for a nonwoven fabric are 
mixed with short fibers having no plasticity at rising temperature and fibers 
having plasticity before processing under an identical condition of heat- 

15 compression. In this method, the non-plastic fibers are hot-melt bonded 
with the thermoplastic fibers, and the substrate will be less warped. 
However, the thermal resistance of the circuit boards is not satisfactory since 
the binders include thermoplastic fibers whose softening point is relatively 
low. 

20 

SUMMARY OF THE INVENTION 

In order to solve the conventional problems mentioned above, the 
present invention provides a nonwoven fabric having superior thermal 
resistance, moisture resistance, and dimensional stability; a prepreg and a 
25 circuit board using the same. 

For this purpose, a nonwoven fabric material of the present invention 
is a nonwoven fabric including thermal-resistant synthetic fibers, in which 
short fibers are bound by using an inorganic binder. 

It is preferable in the nonwoven fabric that the short fibers of the 
30 material are bound with the inorganic binder at the intersections. 

Preferably in the nonwoven fabric, the thermal-resistant synthetic 
fibers are at least one kind of fibers selected from the group consisting of 
poly(p-phenylene-2,6-benzobisoxazole) (PBO) fibers, polybenzimidazole (PBI) 
fibers, aramid fibers, polytetrafluoroethylene (PTFE) fibers, and poly(p- 
35 phenylene-2,6-benzobisthiazole) (PBZ) fibers. 

It is also preferable in the nonwoven fabric that the inorganic binder 
is a residue formed from either a solution of a low melting point glass or a 
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water-dispersible colloidal solution in which at least either low melting point 
glass fibers or low melting point glass particles are dispersed. Another 
example of inorganic binders available for this purpose comprises silica, 
alumina, zirconia, or magnesia as the main component. 
5 It is also preferable that the fibers are bound with a chemical 

covalent siloxane bonding. 

It is also preferable that the content of the inorganic binder ranges 
from 5 to 40 weight parts when the thermal-resistant synthetic fibers are 
100 weight parts. 

10 It is also preferable that the fineness of the thermal-resistant 

synthetic fibers ranges from 0.25 to 4 denier, or the average fiber diameter 
ranges from 5 to 20 m. 

It is also preferable that the length of the thermal-resistant synthetic 
fibers ranges from 1 to 6mm. 
15 It is also preferable that the nonwoven fabric is obtained by a wet 

formation method. 

It is also preferable that the weight of the nonwoven fabric ranges 
from 20 to 100g/m 2 . 

It is also preferable that the average thickness of the nonwoven 
20 fabric ranges from 0.03 to 0.2mm. 

It is also preferable that the nonwoven fabric material further 
comprises gaps for resin impregnation. 

A prepreg of the present invention is prepared by further 
impregnating any one of the above-mentioned nonwoven fabrics with a resin 
25 varnish and drying. 

It is preferable in the prepreg that the resin varnish is at least one 
selected from the group consisting of an epoxy resin, a polyimide resin, a 
phenol resin, a fluorine resin and a cyanate ester resin. 

Preferably, the weight of the prepreg ranges from 40 to 200g/m 2 . 
30 Preferably, the average thickness of the prepreg ranges from 0.04 to 

0.2mm. 

A circuit board of the present invention is manufactured by using any 
one of the above-mentioned prep re gs as an electric insulator. 

Preferably, the weight of the circuit board ranges from 45 to 400g/m 2 . 
35 Preferably, the average thickness of the circuit board ranges from 

0.05 to 2mm. 

The nonwoven fabric of the present invention is produced by firmly 
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bonding synthetic fibers with a binder including an inorganic material when 
forming a nonwoven fabric of thermal-resistant synthetic fibers, and a circuit 
board of the present invention is manufactured from a prepreg prepared by 
impregnating the nonwoven fabric material with a resin varnish and drying 
5 the nonwoven fabric material. The circuit board has an excellent 

dimensional stability even under a high temperature condition, and the 
substrate is prevented from being warped or damaged due to moisture 
absorption or some other factors. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially enlarged cross-sectional view of a nonwoven 
fabric material in a first embodiment of the present invention. 

FIG. 2 is an enlarged cross-sectional view of an insulating substrate 
in the first embodiment. 
15 FIG. 3 is a partially enlarged cross-sectional view of a prepreg in a 

second embodiment of the present invention. 

FIGs. 4A-4F are cross-sectional views to show a process of 
manufacturing a circuit board in a third embodiment of the present 
invention. 

20 FIGs. 5A-5F are cross-sectional views to show a process of 

manufacturing a circuit board having a multilayer wiring structure in a 
fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention provides a nonwoven fabric material 

manufactured by binding short fibers including thermal-resistant synthetic 
fibers by using an inorganic material. A binder used for binding short fibers 
includes an inorganic material having a higher melting or softening point 
compared to conventional synthetic/organic materials such as water- 

30 dispersible epoxy resin. Therefore, the material is provided with high 

thermal resistance and moisture resistance. In addition, the circuit board 
will not warp or show deterioration in the electric properties due to moisture 
absorption even if the electronic apparatus is used under a severe 
temperature condition, and thus, excellent reliability is provided. 

35 The synthetic fibers composing the nonwoven fabric are at least one 

kind of fibers selected from the group consisting of PBO fibers, PBI fibers, 
aramid fibers, PTFE fibers and PBZ fibers. Since these fibers have high 
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thermal resistance and a water-proof property (moisture resistance), 
nonwoven fabric substrates including the fibers have excellent thermal 
resistance and moisture resistance as well as the functions provided by the 
inorganic binder. 

5 The binder used here is a residue formed from either a solution of a 

low melting point glass or a water-dispersible colloidal solution including at 
least either low melting point glass fibers or low melting point glass particles 
dispersed therein. Since these solutions have a high softening point or 
melting point, binding between the short fibers composing the nonwoven 

10 fabric will not be loosened even if the circuit board is exposed to a high 

temperature. As a result, the insulating substrate will not suffer warping 
etc. and a high dimensional stability can be maintained. 

As a prepreg is prepared by impregnating the nonwoven fabric 
material with a resin varnish and drying, circuit boards of the present 

15 invention, e.g. double-faced printed circuit boards and multilayer printed 
circuit boards have excellent thermal resistance and moisture resistance. 
The resin varnish can be at least one selected from the group consisting of an 
epoxy resin, a polyimide resin, a phenol resin, a fluorine resin and a cyanate 
ester resin. Accordingly, a prepreg with good processability in the 

20 manufacturing steps can be provided. 

Circuit boards of the present invention include double-faced printed 
circuit boards and multilayer printed circuit boards with excellent thermal 
resistance and moisture resistance. Such circuit boards have excellent 
reliability in industrial or military electronic apparatuses used under severe 

25 conditions, as well as electronic apparatuses for consumer use. 

A nonwoven fabric material in a first embodiment of the present 
invention is explained below referring to FIGs. 1 and 2. FIG. 1 shows a 
sample of a nonwoven fabric material in the embodiment by partially 
enlarging microscopically. In FIG. 1, short fibers 1 including thermal- 

30 resistant synthetic fibers such as PBO and para-amide entangle with each 
other complicatedly in a formed sheet. At the numerous intersections of the 
short fibers 1 as shown inside the circle of FIG. 1, low melting point glass 2 
such as alkali metal silicate is condensed to firmly bind the short fibers 1. 
The softening point of this low melting point glass is adjustable in a wide 

35 temperature range by varying the composition, but typically, it is preferably 
set to be not less than 350°C. The upper limit of this temperature range is 
650°C for PBO, while the same limit is 400°C for aramid. Components for 
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the low melting point glass will be selected from an almost unlimited number 
of ingredients. The nonwoven fabric material including the thermal- 
resistant synthetic fibers bound by an inorganic binder having a high 
thermal resistance can maintain an excellent dimensional stability, thermal 
5 resistance and moisture resistance. 

In addition, the inorganic binder (low melting point glass 2) can be 
coated not only at the intersections of the short fibers 1 but the remaining 
areas of the fibers by selecting the materials for the inorganic binder and 
controlling the blending rate with the nonwoven fabric and conditions for 
10 production. Consequently, the thermal resistance, moisture resistance and 
dimensional stability of the nonwoven fabric material can be further 
improved. 
Examples 

The present invention will be explained below more specifically by 
15 referring to Examples, though the present invention is not limited by the 
Examples. 

The Examples and Comparative Examples are evaluated in the 
following manner. 

(1) Thermal resistance 1 (a degree of warping of an etched circuit 
20 board) is obtained by the steps of: 

preparing a circuit board by laminating three prepregs, heat- 
pressing the prepregs, placing copper foils on both sides to form a 20 
X 20cm double-faced copper-clad laminate, removing the copper foils 
and 

25 placing the circuit board on a plate and measuring the degree 

of warping at the four corners of the circuit board in order to take the 
maximum value. 

(2) Thermal resistance 2 (a variation of via resistance value at a 
re flow) is obtained by the steps of: 

30 dipping a circuit board formed with a wiring pattern in a 

260°C solder bath (dipping for 30 seconds each time), and 

measuring variation in the resistance value per via from 
which excluding the resistance value of the wirings before and after the test. 
The substrate for the evaluation is configured by linking a plurality 
35 of vias as shown in FIGs. 4F and 5F. In a normal measurement, resistance 
value of the wiring will be included in the resistance value of the vias. The 
inventors have prepared test patterns corresponding to the wiring length in 
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order to excluding the resistance value of the wirings from the substrate 
resistance value and to obtain accurate resistance values of the vias. As a 
result, the sensitivity to the variation in via resistance values will less 
deteriorate even when the resistance value of the wirings is increased 
5 compared to that of the vias. 

(3) Moisture resistance 1 (moisture absorption) is obtained by the 

steps of: 

preparing a circuit board by forming a wiring pattern and 

drying, 

10 leaving the circuit board under a saturated steam 

atmosphere at 121°C, 0.2 Pa for 24 hours, and 

measuring moisture absorption rate of the substrate by 
taking the increase in the weight caused by the moisture absorption. 

(4) Moisture resistance 2 (variation of via resistance value under a 
15 Pressure Cooker Test) is obtained by the steps of: 

preparing a circuit board by forming a wiring pattern and 

drying, 

leaving the circuit board under a saturated steam 
atmosphere at 121°C, 0.2 Pa for 300 hours, and 
20 measuring variation in the resistance value per via from 

which excluding the resistance value of the wirings before and after the test. 

The resistance value of the wirings should be excluded because of the 
same reason as the above evaluation (1). 
(Example 1) 

25 PBO fibers, which were spun to have an appropriate fiber diameter 

("Zylon" (trade name) supplied by TOYOBO CO., LTD.) were cut to prepare 
short fibers of 0.3-5 denier and about l-10mm in length. The fibers were 
dispersed in water, mixed well, formed into a sheet of 70g/m 2 by a known 
technique and dried. 

30 Subsequently, an aqueous solution of alkali metal silicate glass 

whose molecular formula is M 2 0 • nSi0 2 (M denotes an alkali metal) was 
prepared by adjusting the viscosity. The solution was sprayed on the both 
sides of the well-dried nonwoven fabric in order to impregnate the nonwoven 
fabric (100 weight parts) with 10 weight parts of the solution. The 

35 nonwoven fabric was dried well in a drying furnace, and calendered in a 
calender device having a pair of metal rolls under the following condition: 
temperature: 300 to 400°C, 
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linear pressure: 200kg/cm, 
speed: 4m/min. 

Dehydration-condensation occurred among silanol of the alkali metal silicate 
glass by the heat during the calendering, and thus, siloxane bonds were 
generated among the molecules. At the intersections of the fibers entangled 
with each other at this time, the alkali metal silicate glass became an 
amorphous solid as shown in FIG. 1 to firmly bind the nonwoven fabric. 

The obtained nonwoven fabric material was impregnated with 50-60 
weight % of an epoxy resin, and dried by heat to be semi-cured (Stage B). 
The epoxy resin was a mixture of brominated bisphenol A epoxy resin (trade 
name: Epikote YL 6090) and bisphenol A- formaldehyde condensate epoxy 
resin (trade name: Epicure YLH 129) at a blending ratio of 2:1. Both resins 
are supplied by YUKA SHELL EPOXY CO. 

The obtained prepreg was 140g/m 2 and 0.14mm in thickness. 
(Example 2) 

PBI fibers spun to be 5-20 fi m in diameter were prepared. The 
fineness was 1.5 denier and the fibers were cut previously to be 3-7mm in 
length. Para-amide fibers, which were pre-treated mechanically to make 
pulp, were mixed with the PBI short fibers and the mixture was dispersed in 
a colloidal solution including ultrafme particles or short fibers of water- 
dispersible low melting point glass dispersed therein, and the solution was 
homogenized well. Subsequently, the solution was formed into a sheet and 
the sheet was calendered under the same condition described in Example 1. 

As shown in FIG. 2, in the obtained nonwoven fabric material, 
colloidal particles having a siloxane structure of — Si— O — Si— were 
adhered to the intersections and around the synthetic fibers. Siloxane 
bonding, which occurred due to dehydration-condensation of silanol groups 
on the particles, served to connect the intersections of the entangled fibers 
and also to coat the fibers. 

The obtained nonwoven fabric material was impregnated with 50-60 
weight % of an epoxy resin, and dried by heat to be semi-cured (Stage B). 
The epoxy resin was a mixture of brominated bisphenol A epoxy resin (trade 
name: Epikote YL 6090) and bisphenol A -formaldehyde condensate epoxy 
resin (trade name: Epicure YLH 129) at a blending ratio of 2:1. Both resins 
are supplied by YUKA SHELL EPOXY CO. 

The obtained prepreg was 140g/m 2 and 0.14mm in thickness. 
(Example 3) 



9 



PBZ fibers, which were spun to have an appropriate fiber diameter, 
were cut to prepare short fibers of 0.3-5 denier and about l-10mm in length. 
The fibers were dispersed in water, mixed well, formed into a sheet of 70g/m 2 
by a known technique and dried. Next, borosilicate lead glass powder was 
5 prepared by including respectively 10 weight % of A1 2 0 3 and CaO, 30 

weight % of Si0 2 , 20 weight % of boric acid and 30 weight % of lead in general, 
and a paste was prepared by dissolving a synthetic binder (ethyl cellulose or 
an acrylic resin) in an organic solvent (e.g., butyl carbitol acetate). The 
paste was added to the borosilicate lead glass powder and kneaded to obtain 
10 a glass paste. The glass paste was sprayed on the both sides of the formed 
nonwoven fabric (100 weight parts) to impregnate the nonwoven fabric with 
10 weight parts of the paste. After evaporate-removing the organic solvent 
and drying well in a drying furnace, the nonwoven fabric was calendered in a 
calender device having a pair of metal rolls under the following condition: 
15 temperature: 300 to 400°C, 

linear pressure: 200kg/cm, 
speed: 4m/min. 

Since a glass paste with a relatively high viscosity was used in Example 3, 

the glass solution was easily adhered to the intersections and to the fibers in 
20 the nonwoven fabric. The viscosity can be adjusted by varying the content 

of the organic solvent in order to control the adhesion of the glass. 

The obtained nonwoven fabric material was impregnated with 50-60 

weight % of an epoxy resin, and dried by heat to be semi-cured (Stage B). 

The epoxy resin was a mixture of brominated bisphenol A epoxy resin (trade 
25 name: Epikote YL 6090) and bisphenol A- formaldehyde condensate epoxy 

resin (trade name: Epicure YLH 129) at a blending ratio of 2:1. Both resins 

are supplied by YUKA SHELL EPOXY CO. 

The obtained prepreg was 140g/m 2 and 0.14mm in thickness. 

(Example 4) 

30 PBO short fibers, which were spun to have an appropriate fiber 

diameter, and PTFE fibers 12 n m in diameter were prepared. The fineness 
of the PBO fibers was 0.3-5 denier, and the PBO fibers were cut previously to 
be about l-10mm, while the PTFE fibers were cut to be 4mm in length. 
These fibers were added and mixed in an aqueous colloidal solution including 

35 ultrafine particles or short fibers of water-dispersible low melting point glass, 
dispersed well to be homogenized. The solution was formed into a sheet of 
100g/m 2 by a well-known technique. After drying well in a drying furnace, 
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the nonwoven fabric was calendered in a calender device having a pair of 
metal rolls under the following condition: 
temperature: 300 to 400°C, 
linear pressure: 200kg/cm, 
5 speed: 4m/min. 

The obtained nonwoven fabric material was impregnated with 50-60 
weight % of an epoxy resin, and dried by heat to be semi-cured (Stage B). 
The epoxy resin was a mixture of brominated bisphenol A epoxy resin (trade 
name: Epikote YL 6090) and bisphenol A* formaldehyde condensate epoxy 
10 resin (trade name: Epicure YLH 129) at a blending ratio of 2:1. Both resins 
are supplied by YUKA SHELL EPOXY CO. 

The obtained prepreg was 140g/m 2 and 0.14mm in thickness. 
(Example 5) 

For para-oriented aramid fibers, "Kevlar 49" (trade name) short 
15 fibers supplied by E.I. DuPont (fineness: 1.5 denier, fiber length: 3-7mm) 

were prepared. The fibers were dispersed in water, mixed well, formed into 
a sheet of 50g/m 2 by a known technique, and dried to obtain a nonwoven 
fabric. An aqueous solution of alkali metal silicate glass (molecular 
formula: M 2 0-nSi0 2 ), which was previously adjusted to have a proper 
20 viscosity, was sprayed on both sides of the nonwoven fabric (100 weight 
parts) to impregnate the nonwoven fabric with 10 weight parts of the 
solution. The nonwoven fabric was dried well in a drying furnace before 
being calendered in a calender device having a pair of metal rolls under the 
following condition: 
25 temperature: 300 to 400°C, 

linear pressure: 200kg/cm, 
speed: 4m/min. 

The obtained nonwoven fabric material was impregnated with 50-60 
weight % of an epoxy resin, and dried by heat to be semi-cured (Stage B). 

30 The epoxy resin was a mixture of brominated bisphenol A epoxy resin (trade 
name: Epikote YL 6090) and bisphenol A 'formaldehyde condensate epoxy 
resin (trade name: Epicure YLH 129) at a blending ratio of 2:1. Both resins 
are supplied by YUKA SHELL EPOXY CO. 

The obtained prepreg was 140g/m 2 and 0.14mm in thickness. 

35 The inorganic binders described in Examples 1, 2, 4 and 5 were 

solutions of water-dispersible glass. Since synthetic fibers are water- 
repelling inherently, it is preferable that the synthetic fibers are pre -treated 
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with a surfactant to adhere either glass particles or glass fibers at the 
intersections or the other areas of the fibers by using the solution of water- 
dispersible glass. For further improving the waterproofing of thermoset 
water glass, curing agents are preferably used together to provide a firm 
5 bonding, so that the nonwoven fabric material of the present invention will 
have an improved thermal resistance. The curing agents include oxides or 
hydroxides of zinc, magnesium, calcium etc., silicofluorides of sodium, 
potassium, calcium etc., and phosphates of aluminum, zinc etc. 

For showing properties of the nonwoven fabric materials in the above 
10 Examples, circuit boards manufactured from the nonwoven fabrics of the 

Examples were compared in the thermal resistance and moisture resistance 
with circuit boards manufactured by using conventional nonwoven fabric 
materials. 

(Comparative Example 1) 

15 A PBO nonwoven fabric was prepared in the same manner of 

Example 1. An emulsified binder of a water-soluble epoxy resin was 
sprayed on the PBO nonwoven fabric. The nonwoven fabric was passed 
through a hot air zone of 120°C and dried to make a circuit board. 
(Comparative Example 2) 

20 A circuit board was manufactured in the same manner of 

Comparative Example 1 except that the binder for the PBO nonwoven fabric 
was replaced with meta-aramid. 
(Comparative Example 3) 

For para-oriented aramid fibers, "Kevlar 49" (trademark) supplied by 

25 E.I. DuPont was dispersed in water to form a sheet of a nonwoven fabric of 
50g/m 2 . An epoxy resin emulsion as a binder was sprayed on the nonwoven 
fabric sheet to be about 10 weight % as solid. The nonwoven fabric was 
dried continuously at 120°C, treated with an acrylic polymer, and calendered 
in a calender device having a pair of metal rolls at a temperature of 120°C so 

30 that a circuit board was manufactured. 
(Comparative Example 4) 

A circuit board was manufactured in the same manner of 
Comparative Example 3 except that the binder for the para-oriented aramid 
nonwoven fabric was replaced with meta-aramid. 

35 (63) Evaluation results of Examples of the present invention and of the 
Comparative Examples are shown in the following Table 1. 
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Table 1 





Warping degree 
(mm) 


Flow resistance 
variation (%) 


Moisture absorption 
(%) 


PCT resistance 
variation (%) 


Example 1 


0.5 


0 


0.3 


3 


Example 2 


0.5 


0 


0.7 


5 


Example 3 


0.6 


0 


0.4 


4 


Example 4 


1.0 


1 


0.2 


3 


Example 5 


1.2 


2 


1.0 


8 


Com. Ex. 1* 


10.7 


5 


1.9 


25 


Com. Ex. 2 


8.6 


4 


1.6 


18 


Com. Ex. 3 


12.1 


7 


2.7 


48 


Com. Ex. 4 


8.9 


4 


2.3 


20 



^Comparative Example 



As shown in Table 1, nonwoven fabric materials manufactured 
5 according to Examples of the present invention have excellent thermal 
resistance, moisture resistance and dimensional stability, since the 
nonwoven fabrics are manufactured by binding short fibers of thermal- 
resistant synthetic fibers with low melting point glass having excellent 
thermal resistance. 

10 Similar effects can be obtained by using a glass paste including an 

inorganic binder and an organic binder. The inorganic binder is a powder or 
short fibers of phosphate-based water-dispersible glass represented with a 
chemical formula of M-H 2 P0 4 (M=A1, Mg, Ca, Ba, Ti etc.) or crystalline 
borosilicate lead glass containing ZnO. 

15 The following description is about a prepreg in a second embodiment 

of the present invention. The prepreg was prepared by mixing a catalyst 
and an organic solvent of proper contents in a resin varnish of an epoxy resin 
having the following composition, and adjusting the viscosity of the solution; 
impregnating the solution in any one of the nonwoven fabric materials of 

20 Examples 1-3 by using a coating machine; evaporating the solvent in a 

drying furnace, heating the epoxy resin to a certain temperature to a semi- 
cured state (Stage B). 

Basic materials: Brominated bisphenol A epoxy resin 75 weight parts 
Novolak phenol resin 25 weight parts 

25 Curing agent: Carbonyl diimidazole 0.2 weight part 

An excellent thermal-resistant prepreg for circuit boards is obtained 
by using thermosetting resins for an impregnation resin varnish such as a 
polyimide resin, a phenol resin, a fluorine resin and a cyanate ester resin as 
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well as the above-mentioned epoxy resin. The resins can be used alone or 
mixed with each other. FIG. 3 is a cross-sectional view of a prepreg that is 
formed by impregnating the nonwoven fabric in FIG. 1 with a resin varnish, 
compressing with heat to be semi-curing. A resin varnish 3 including an 
5 epoxy resin is impregnated in the gaps of the entangled nonwoven fabric 
fibers 1 whose intersections are bound with the inorganic binder 2. 

A circuit board in a third embodiment of the present invention is 
explained below referring to FIGs. 4A-4F. First, a prepreg 4 is prepared 
from any one of the nonwoven fabric materials described in Examples 1-3 by 

10 impregnating the nonwoven fabric with a thermosetting resin such as an 

epoxy resin to semi-cure the fabric. As shown in FIG. 4A, resin films 5 such 
as polyethylene terephthalate are stuck to the both surfaces of the prepreg 4. 
Penetrations 6 are formed by using a laser etc. at predetermined positions on 
the prepreg 4 (FIG. 4B), and an electroconductive paste 7 for via-hole filling 

15 is filled in the penetrations 6 by a printing method (FIG. 4C). After peeling 
off the resin films 5 (FIG. 4D), copper foils (8a, 8b) are placed on the both 
surfaces of the prepreg 4 as shown in FIG. 4E, and the electroconductive 
paste 7 and the semi-cured prepreg 4 are cured completely by applying 
pressure (20-50 kg/cm 2 ) and heat (from 170 to 260°C) from the both sides for 

20 60 minutes. The condition of the pressure and heat should be modified 

corresponding to the impregnated resin varnish. Subsequently, the copper 
foils (8a, 8b) are patterned in a conventional photolithography to form 
predetermined wirings (9a, 9b) on both surfaces as shown in FIG. 4F so that 
a circuit board is provided. 

25 Next, a circuit board provided with a multilayer wiring structure in a 

fourth embodiment of the present invention is described below, referring to 
FIGs. 5A-5F. First, a prepreg 11 is prepared from any one of the nonwoven 
fabric materials described in Examples 1-3 by impregnating the nonwoven 
fabric with a thermosetting resin such as an epoxy resin to semi-cure the 

30 fabric. As shown in FIG. 5A, resin films 12 such as polyethylene 

terephthalate are stuck to the both surfaces of the prepreg 11. Penetrations 
13 are formed by using a laser etc. at predetermined positions on the prepreg 
11 (FIG. 5B), and an electroconductive paste 14a for via-hole filling (via-hole 
conductor) is filled in the penetrations 13 by a printing method (FIG. 5C). 

35 By peeling off the resin films 12, an intermediate connector 15 and an 
intermediate connector 16 are obtained as shown in FIG. 5D. The 
intermediate connector 16 formed similarly has a via-hole connector 14b. 
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As shown in FIG. 5E, the intermediate connectors 15 and 16 are 
positioned precisely on both sides of a double-faced printed circuit board 17 
in FIG. 4F. Copper foils 18a and 18b are further laminated on both the 
sides, and the laminates are compressed with heat to adhere the double- 
5 faced printed circuit board 17 and the copper foils (18a, 18b) through the 
intermediate connectors (15, 16). Subsequently, the copper foils (18a, 18b) 
are etched to have predetermined patterns in a conventional 
photolithography in order to form wirings (19a, 19b) as shown in FIG. 5F. 
As a result, a circuit board having a four-layered wiring structure is obtained, 

10 in which the wirings (9a, 9b) and wirings (19a, 19b) are connected through 
layers by the plural via-hole conductors 7, 14a and 14b. 

As mentioned above, nonwoven fabric materials and prepregs in the 
present invention are provided by integrating nonwoven fabrics composed of 
thermal-resistant synthetic fibers with a binder including inorganic 

15 materials. Therefore, circuit boards including the nonwoven fabrics and 
prepregs are excellent in thermal resistance and moisture resistance. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The 
embodiments disclosed in this application are to be considered in all respects 

20 as illustrative and not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description, all changes 
that come within the meaning and range of equivalency of the claims are 
intended to be embraced therein. 
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WHAT IS CLAIMED IS: 



1. A no nw oven fabric material of short fibers comprising thermal- 
resistant synthetic fibers, wherein the short fibers are bound with an 
inorganic binder. 

2. The nonwoven fabric material according to claim 1, wherein the short 
fibers are bound with the inorganic binder at the intersections. 

3. The nonwoven fabric material according to claim 1, wherein the 
thermal-resistant synthetic fibers are at least one kind of fibers selected 
from the group consisting of poly(p-phenylene-2,6-benzobisoxazole) fibers, 
polybenzimidazole fibers, aramid fibers, polytetrafluoroethylene fibers, and 
poly(p-phenylene-2,6-benzobisthiazole) fibers. 

4. The nonwoven fabric material according to claim 1, wherein the 
inorganic binder is a residue formed from either a solution of low melting 
point glass or a water-dispersible colloidal solution in which at least one of 
fibers of low melting point glass or particles of low melting point glass are 
dispersed. 

5. The nonwoven fabric material according to claim 1, wherein the 
fibers are bound with a chemical covalent siloxane bonding. 

6. The nonwoven fabric material according to claim 1, wherein the 
content of the inorganic binder ranges from 5 to 40 weight parts when the 
thermal-resistant synthetic fibers are 100 weight parts. 

7. The nonwoven fabric material according to claim 1, wherein the 
fineness of the thermal-resistant synthetic fibers ranges from 0.25 to 4 
denier. 

8. The nonwoven fabric material according to claim 1, wherein the 
length of the thermal-resistant synthetic fibers ranges from 1 to 6mm. 

9. The nonwoven fabric material according to claim 1, wherein the 
nonwoven fabric is obtained by a wet formation method. 



16 



10. The nonwoven fabric material according to claim 1, wherein the 
weight of the nonwoven fabric ranges from 20 to 100g/m 2 . 

11. The nonwoven fabric material according to claim 1, wherein the 
average thickness of the nonwoven fabric ranges from 0.03 to 0.2mm. 

12. The nonwoven fabric material according to claim 1, wherein the 
nonwoven fabric material further comprises gaps for resin impregnation. 

13. A prepreg of a short fiber nonwoven fabric comprising thermal- 
resistant synthetic fibers, the prepreg is manufactured by bonding the short 
fibers with an inorganic binder and further impregnating the nonwoven 
fabric with a resin varnish and drying. 

14. The prepreg according to claim 13, wherein the resin varnish is at 
least one selected from the group consisting of an epoxy resin, a polyimide 
resin, a phenol resin, a fluorine resin and a cyanate ester resin. 

15. The prepreg according to claim 13, wherein the short fibers are 
bound with the inorganic binder at the intersections. 

16. The prepreg according to claim 13, wherein the thermal-resistant 
synthetic fibers are at least one kind of fibers selected from the group 
consisting of poly(p-phenylene-2,6-benzobisoxazole) fibers, 
polybenzimidazole fibers, aramid fibers, polytetrafluoroethylene fibers, and 
poly (p -p henylene - 2, 6-benzobisthiazole) fibers . 

17. The prepreg according to claim 13, wherein the inorganic binder is a 
residue formed from either a solution of low melting point glass or a water- 
dispersible colloidal solution in which at least either fibers of low melting 
point glass or particles of low melting point glass are dispersed. 

18. The prepreg according to claim 13, wherein the fibers are bound with 
a chemical covalent siloxane bonding. 

19. The prepreg according to claim 13, wherein the content of the 
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inorganic binder ranges from 5 to 40 weight parts when the thermal- 
resistant synthetic fibers are 100 weight parts. 

20. The prepreg according to claim 13, wherein the fineness of the 
thermal-resistant synthetic fibers ranges from 0.25 to 4 denier. 

21. The prepreg according to claim 13, wherein the length of the 
thermal-resistant synthetic fibers ranges from 1 to 6mm. 

22. The prepreg according to claim 13, wherein the nonwoven fabric is 
obtained by a wet formation method. 

23. The prepreg according to claim 13, wherein the weight of the prepreg 
ranges from 40 to 200g/m 2 . 

24. The prepreg according to claim 13, wherein the average thickness of 
the prepreg ranges from 0.04 to 0.2mm. 

25. A circuit board comprising a prepreg as an insulator, wherein the 
prepreg is prepared from a nonwoven fabric comprising short fibers bound 
with an inorganic binder, by impregnating the nonwoven fabric with a resin 
varnish and drying. 

26. The circuit board according to claim 25, wherein the resin varnish is 
at least one selected from the group consisting of an epoxy resin, a polyimide 
resin, a phenol resin, a fluorine resin and a cyanate ester resin. 

27. The circuit board according to claim 25, wherein the short fibers are 
bound with the inorganic binder at the intersections. 

28. The circuit board according to claim 25, wherein the thermal 
resistant synthetic fibers are at least one kind of fibers selected from the 
group consisting of poly(p-phenylene-2,6-benzobisoxazole) fibers, 
polybenzimidazole fibers, aramid fibers, polytetrafluoroethylene fibers, and 
poly(p-phenylene-2,6-benzobisthiazole) fibers. 

29. The circuit board according to claim 25, wherein the inorganic binder 
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is a residue formed from either a solution of low melting point glass or a 
water-dispersible colloidal solution in which at least either fibers of low 
melting point glass or particles of low melting point glass are dispersed. 

30. The circuit board according to claim 25, wherein the fibers are bound 
with a chemical covalent siloxane bonding. 

31. The circuit board according to claim 25, wherein the content of the 
inorganic binder ranges from 5 to 40 weight parts when the thermal- 
resistant synthetic fibers are 100 weight parts. 

32. The circuit board according to claim 25, wherein the fineness of the 
thermal-resistant synthetic fibers ranges from 0.25 to 4 denier. 

33. The circuit board according to claim 25, wherein the length of the 
thermal-resistant synthetic fibers ranges from 1 to 6mm. 

34. The circuit board according to claim 25, wherein the nonwoven fabric 
is obtained by a wet formation method. 

35. The circuit board according to claim 25, wherein the weight of the 
circuit board ranges from 45 to 400g/m 2 . 

36. The circuit board according to claim 25, wherein the average 
thickness of the circuit board ranges from 0.05 to 2mm. 
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ABSTRACT 



The present invention provides a nonwoven fabric material prepared 
from short fibers including thermal-resistant synthetic fibers bound with an 
5 inorganic binder, a prepreg and a circuit board using the same. The circuit 
board has an excellent dimensional stability even at a high temperature, and 
the circuit board is prevented from warping or being damaged by moisture 
absorption or the like. The inorganic binder is a residue formed from a low 
melting point glass solution or a water-dispersible colloidal solution 
10 including at least either fibers or particles of low melting point glass 

dispersed therein. When the binder is used, a chemical covalent bonding by 
a siloxane bonding is formed. 
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§ 1.56 Duty to disclose information material to patentability. 



(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of 
candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual 
to be material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until 
the claim is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability 
of a claim that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability 
of any claim remaining under consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if 
all information known to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in 
the manner prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with which fraud 
on the Office was practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 
application believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to 
the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record 
or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a 

- claim; 
or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with 
the specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and 
who is associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
attorney, agent, or inventor. 
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